INTRODUCTION
Although intrahepatic arterioportal shunts rarely develop after radiofrequency ablation (RFA) (1), they may cause portal hypertension and variceal bleeding (2) . We describe a case of a patient with rapid deterioration of esophageal varices caused by a large arterioportal shunt that developed after RFA of hepatocellular carcinoma (HCC). The large arterioportal shunt was successfully embolized with n-butyl cyanoacrylate (NBCA) (3) . Because it is difficult to determine the site and size of the shunt with angiography, we used volume-rendered images from computed tomography performed during hepatic arteriography. We present a case of a patient with rapid deterioration of esophageal varices caused by portal hypertension accompanied by a large arterioportal shunt that developed after radiofrequency ablation of hepatocellular carcinoma. We used n-butyl cyanoacrylate (NBCA) as an embolic material to achieve pinpoint embolization of the shunt, because the microcatheter tip was 2 cm away from the shunt site. Under hepatic arterial flow control using a balloon catheter, the arterioportal shunt was successfully embolized with NBCA, which caused an improvement in the esophageal varices.
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Additionally, because the blood flow through a large shunt is very fast, we used a balloon catheter to decrease the blood flow in the hepatic artery during embolization of the shunt (4) . To the best of our knowledge, this is the first report describing the use of a balloon catheter for achieving blood flow control during embolization of an arterioportal shunt.
CASE REPORT
A 70-year-old male with liver cirrhosis caused by hepatitis C virus was being followed up at our institution. As contrast-enhanced computed tomography (CE-CT) revealed three HCC lesions of < 15 mm in diameter in segments 1, 2, and 4; RFA of each lesion was performed. However, esophageal varices rapidly deteriorated at 3 months after RFA. Although endoscopic injection sclerotherapy was performed, the esophageal varices deteriorated further, and endoscopy showed greatly enlarged varices (F3) that were red in color ( (Fig. 1B) and portal thrombosis. Therefore, embolization of the arterioportal shunt was planned.
Angiography of the common hepatic artery before embolization revealed a large arterioportal shunt, but the precise site and size of the shunt were unclear (Fig.  1C) . Volume-rendered images from CT during angiography revealed the precise site and size (5 mm) of the arterioportal shunt (Fig. 1D) . A 5.2-Fr balloon catheter (Selecon MP Catheter II, Cobra type; Terumo Clinical Supply, Gifu, Japan) was inserted into the proper hepatic artery via the right femoral artery. A 2-Fr microcatheter (Cerisier; Medikit, Tokyo, Japan) was then advanced as close as possible to the shunt site. NBCA was mixed with iodized oil (lipiodol) at a ratio of 1:2 to control its polymerization time and to make it radiopaque. The NBCA mixture (0.5 mL) was infused through the microcatheter during flow control in the hepatic artery with a balloon catheter. The hepatic artery was incompletely occluded using a balloon to maintain antegrade blood flow in the hepatic artery (Fig.  1E) . A small amount of the NBCA mixture leaked into a portal vein during embolization. The arterioportal shunt had completely disappeared after embolization, and the NBCA mixture was found at the shunt site (Fig. 1F) . Arterial phase CE-CT images obtained after embolization confirmed that the arterioportal shunt had disappeared (Fig. 1G) .
After embolization of the arterioportal shunt, the esophageal varices decreased in size from F3 to F1. However, the varices were still red in color. Therefore, endoscopic injection sclerotherapy was performed again. Endoscopy performed at 4 months after embolization confirmed that the varices had decreased in size from F3 to F1, and the red color had disappeared (Fig. 1H) . CE- A. Endoscopy before embolization revealed large red-colored esophageal varices. B. Arterial phase contrast-enhanced computed tomography performed before embolization revealed early enhancement of left portal vein (arrow), suggesting presence of arterioportal shunt. C. Angiography performed before embolization revealed presence of large arterioportal shunt (arrow) in left lateral segment of liver. D. Volume-rendered images from computed tomography performed during hepatic arteriography. Superior view showed that shunt site (yellow) was 5 mm in diameter (arrow), and was located between hepatic artery (red) and portal vein (light blue) in segment 3 of liver. E. NBCA mixture was injected through 2-Fr microcatheter that was advanced as close as possible to arterioportal shunt under blood flow control using balloon catheter (arrow) that was inserted in proper hepatic artery. Balloon was used to incompletely occlude artery, allowing antegrade blood flow (inset at bottom right). kjronline.org CT performed at 6 months after embolization showed no evidence of recurrence of an arterioportal shunt, the presence of NBCA mixture at the shunt site in segment 3 of the liver and in the left portal vein, and necrotic lesions caused by RFA (Fig. 1I, J) .
DISCUSSION
Arterioportal shunt is a relatively rare complication of RFA. Nine arterioportal shunts were reported in 2320 patients (3554 lesions) (1). However, a large arterioportal shunt causes portal hypertension, resulting in the worsening and rupture of esophageal varices (2) . Therefore, it is essential to treat large arterioportal shunts. As surgical operation is often too invasive (6), non-invasive procedures, such as transcatheter arterial embolization (TAE), are generally preferred.
There are several problems associated with embolization of a large arterioportal shunt. On angiography, the precise site and size of the shunt are usually unclear, and blood flow through large shunts may be too fast, necessitating interventions to decrease the blood flow during embolization to prevent leakage of the embolic material into the portal vein. In our patient, we used volume-rendered images from CT performed during hepatic arteriography to evaluate the precise site and size of the shunt. Using these images, we were able to observe the arterioportal shunt from any angle, and visualize the entire vascular tree. We also used a balloon catheter to control the blood flow through the shunt (4). To the best of our knowledge, there are no other reports describing the use of balloon catheters to control blood flow during embolization of an arterioportal shunt. The balloon was used to incompletely occlude the hepatic artery and to maintain antegrade blood flow in the hepatic artery. If the artery is completely occluded, retrograde blood flow causes reflux of the NBCA mixture, resulting in attachment of the NBCA mixture to the microcatheter.
Embolic materials (7) that can be used in TAE of an arterioportal shunt include metallic coils (8) , NBCA mixtures, alcohol, gelatin sponges or Ivalon particles, and detachable balloons (9) . We used a concentrated NBCA mixture (NBCA:lipiodol = 1:2) in this patient to achieve pinpoint embolization of the shunt. It is possible to control Based on this result, we considered that an NBCA mixture was the best embolic material for use in our patient. As a small amount of the NBCA mixture leaked into the portal vein, the use of a more concentrated NBCA mixture with a shorter polymerization time (e.g., NBCA:lipiodol = 1:1) was necessary and it could have avoided this problem. Although other options were considered, they were not deemed appropriate. In this case, treatment with microcoils would have resulted in proximal embolization, because the microcatheter tip was 2 cm away from the shunt site. This would cause retrograde blood flow through peripheral collaterals, and result in shunt embolization failure. Alcohol would also have been risky because it is not a radiopaque agent and therefore cannot be seen under fluoroscopy. Gelatin sponges or Ivalon particles pass through a shunt very easily. Finally, it is impossible to insert a detachable balloon into a thin artery.
In conclusion, volume-rendered images are very helpful for demonstrating the precise site and size of an arterioportal shunt. A balloon catheter can be used to control the blood flow and to perform embolization of a large arterioportal shunt with the NBCA mixture injected through a 2-Fr microcatheter that was advanced as close as possible to the shunt site. This embolization procedure is relatively noninvasive compared with surgical methods.
